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Based on first-principles calculations, we predict Bi2TeI, a stoichiometric compound synthesized,
to be a weak topological insulator (TI) in layered subvalent bismuth telluroiodides. Within a
bulk energy gap of 80 meV, two Dirac-cone-like topological surface states exist on the side surface
perpendicular to BiTeI layer plane. These Dirac cones are relatively isotropic due to the strong inter-
layer coupling, distinguished from those of previously reported weak TI candidates. Moreover, with
chemically stable cladding layers, the BiTeI-Bi2-BiTeI sandwiched structure is a robust quantum
spin Hall system, which can be obtained by simply cleaving the bulk Bi2TeI.
Due to exotic electronic properties of the spin-helical
Dirac fermion and the extensive application potential,
topological insulators (TIs) have attracted a lot of at-
tention in the last few years. TIs have an insulating
state in the bulk and the gapless surface states (SS) at
the boundary which are protected by the time-reversal
symmetry (TRS). [1] For two dimensional (2D) TIs, the
spin-filtered edge states propagate along the boundary
with dissipationless spin and charge currents [2, 3]. In
three dimension, TIs could be classified into strong and
weak TIs according to the nature of SS. [4–6] Strong TIs
have odd number of Dirac cones on any surfaces, while
weak TIs only exhibit topological non-trivial SS at the
specific surfaces with even number of Dirac cones. The
SS of weak TIs are also robust against strong perturba-
tions that do not break TRS, showing the strong side of
the topological properties. [7–9] And some novel topo-
logical quantum effects are proposed for the SS of weak
TIs, such as half quantum spin Hall (QSH) effect [10] and
one-dimensional (1D) helical mode [11, 12].
It is significant to locate real materials with these topo-
logical effects (i.e., weak TIs). [13] Owing to the large
spin-orbital coupling (SOC), the layered bismuth-based
materials are the ideal candidates. As the prototypes
of strong TIs, bismuth-chalcogenides such as Bi2Se3 and
Bi2Te3, exhibit a typical spin-polarized Dirac cone at the
Γ point [14–16] and are thus ideal systems to study the
magnetic properties when TRS is broken [17, 18]. Fur-
thermore, the bismuth bilayer is predicted to be 2D TI
[19] and its topological edge states have been observed
via scanning tunneling spectroscopy [20]. For weak TIs, a
traditional proposal is to build a three dimensional (3D)
structure with weak interlay coupling via stacking the
2D TIs along the z direction. In this proposal, the band
inversions of stacked 3D compounds are completely con-
tributed by QSH layers. Following this idea, it was pre-
dicted that KHgSb[21] and Bi14Rh3I9[22] with the hon-
eycomb structures are weak TIs. In addition, weak TIs
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FIG. 1: (Color online) (a) The geometrical structure of 3D
bulk Bi2TeI, where the unit cell is indicated by the dashed
lines. (b) The first Brillouin Zone (BZ) of 3D bulk Bi2TeI
and the projection to 2D BZ for the side surface which is
labeled by cyan. (c) The product of the parity eigenvalues δ
at the high symmetrical points which are marked in (b).
provide new possibilities to achieve 2D TIs by cleaving off
single QSH layers from the bulk, as commonly done for
grapehene [23], instead of fabricating complicated QWs
[3, 20].
In this letter, we study the topological and electronic
properties of layered Bi2TeI compounds which have been
stoichiometrically synthesized recently [24, 25]. Our ab
initio calculations show that the compounds are weak TIs
with the band inversions occurring at the Γ and Z points.
However, different from the traditional proposal for weak
TIs [21, 22], the band inversions are contributed by both
2FIG. 2: (Color online) (a) Band structures along the high symmetry lines and (b) total density of states around the Fermi level
of bulk Bi2TeI. The red and cyan dots stand for the contribution from Bi bilayer and BiTeI layers separately. The Fermi level
is set to zero (red dotted line). (c) The surface band structure along the high symmetry line in 2D BZ. The shadow indicates
the projection of bulk states.
the intercalated topologically trivial layers (BiTeI lay-
ers) and the topologically non-trivial layers (Bi bilayers).
What is more, by changing the SOC strength artificially,
we present a new band inversion picture to clarify the role
of SOC during the band evolution process. In contrast
to KHgSb [21], two isotropic spin-helical Dirac cones are
shown at the M and X points in the Brillouin Zone (BZ)
of the side surface. And from the surface formation en-
ergy (SFE) calculations, we find that the BiTeI-Bi2-BiTeI
sandwiched structure with Te terminations on the outer
surface is stable and acts as a QSH insulator (i.e. a 2D
TI).
The calculations were carried out by using density-
functional theory (DFT) with the projector augmented
wave method [26] and the generalized gradient approxi-
mation (GGA) with Perdew-Burke-Ernzerhof type func-
tional [27], as implemented in the Vienna ab initio sim-
ulation package [28]. Plane wave basis set with a ki-
netic energy cutoff of 260 eV was used. The geomet-
rical structure of Bi2TeI is demonstrated in Fig. 1(a).
It can be seen that Bi bilayer intercalates into two op-
posite BiTeI layers forming a monoclinic layered struc-
ture (space group C2/m, a = 7.585A˚, b = 4.380A˚,
c = 17.741A˚, β=98.20◦). Different from BiTeI com-
pounds [29, 30], the inversion symmetry is preserved in
Bi2TeI. In the simulations, the lattice constants are taken
from experimental observation [24, 25] and all the in-
ner atoms are fully relaxed until the residual forces are
less than 0.01 eV/A˚. The Monkhorst-Pack k points are
9×11×3 and SOC is included to calculate the electronic
structure [31]. For the surface formation energy (SFE)
calculations [32], a slab model is used with a vacuum
layer larger than 10 A˚ where the inversion symmetry is
present, and the dipole correction is introduce to avoid
spurious interactions between periodic images of the slabs
[33].
Figs. 2(a) and (b) respectively show the band structure
along the high symmetry lines in the first BZ [as marked
in Fig. 1(b)] and the total density of states for Bi2TeI. It
is found that bulk Bi2TeI is a semiconductor with a direct
band gap of about 80 meV in the Z-R direction. Around
the Fermi level, the valance and conduction bands are
mainly contributed by the Bi bilayer and BiTeI layers
respectively. But along the Γ-Z direction, the situation
is reversed: the valence bands are mainly contributed by
BiTeI layers through the strong hybridization between Bi
px and py orbitals and Te pz orbital; and the conduction
bands are mostly from the px and py orbital of Bi atoms
in Bi bilayer. This fact suggests that the band inversions
occur and this type of materials may be in a topological
non-trivial phase. Similar to the BiTeI [29, 30], a band
crossing can be observed in the bulk states [as marked
by the yellow dot in Fig. 2(a)]. Due to the presence of
the inversion symmetry, however, the crossing bands are
doubly degenerate around the Γ point and no Rashba-like
splitting occurs here.
In order to clarify the topological properties, we use Fu
and Kane’s method [4] to calculate the Z2 invariants. In
this method, Z2 (ν0, ν1ν2ν3) of the 3D insulator could be
determined from the product of the parity eigenvalues
δi (i = 1, 2, . . . , 8) of the occupied states at the eight
time reversal invariant momenta (TRIM) Γi in the first
BZ when the inversion symmetry is present. If an odd
number of band inversions driven by SOC occur at the Γi
point and the parities of the inverted bands are different,
δi is −1; otherwise, δi is +1. The main topological index
ν0 is determined by (−1)
ν0 =
∏8
i=1 δi. The other three
weak topological indices νk (k = 1, 2, 3) are determined
by (−1)νk =
∏4
i=1 δi, for which Γi reside in the same
plane. For Bi2TeI, the eight TRIM points are Γ (0,0,0),
X (0.5, 0, 0), V (0.5, 0.5, 0), Y (0, 0.5, 0), Z (0, 0, 0.5),
U (0.5, 0, 0.5), T (0.5, 0.5, 0.5) and R (0, 0.5, 0.5) [see
Fig. 1(b)]. Thus four topological indices are determined
as (−1)ν0 = δΓδZδXδUδV δT δY δR, (−1)
ν1 = δΓδZδXδU ,
(−1)ν2 = δΓδZδT δY and (−1)
ν3 = δΓδXδV δY . According
to the calculated products of the parity eigenvalues (δi)
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FIG. 3: (Color online) Band structures along the Z-Γ direc-
tion with different spin-orbital coupling ratios (ξ) for bulk
Bi2TeI: (a) ξ = 0, (b) ξ = 0.20, (c) ξ = 0.37 and (d) ξ = 1.00.
Red and cyan dots stand for the contributions from Bi bi-
layer and BiTeI layers respectively, and the Fermi level is set
to zero.
[as shown in Fig. 1(c)], the bulk Bi2TeI belongs to the
Z2 (0, 001) class of weak TIs.
To demonstrate the topological non-trivial SS, we have
further calculated the surface band structure using maxi-
mally localized Wannier functions [34] extracted from our
ab initio results. The tight-binding slab model containing
more than 10 unit-cell-thick layers along the b direction
[shown in Fig. 1(a)] is used, where the side surface is se-
lected as the ac plane of Bi2TeI lattice and the Bi bilayer
exhibits an armchair type of termination on the bound-
ary. The 2D BZ is shown in Fig. 1(b) marked by cyan.
As shown in Fig. 2 (c), the SS is plotted as solid lines
and the shaded regions denote the energy spectrum from
bulk. Around the Fermi level, the metallic middle-gap
states are contributed by the side surface: they emerge
from the conduction bands, cross at two TRIM points
and enter the valance bands, exhibiting the topological
non-trivial properties of weak TIs. What is more, two
Dirac cones are isotropic and locate at the X and M
points which are not the projections of bulk Γ and Z
points to the side surface. This character is in contrast
to that of KHgSb, but similar to the property of bismuth
bilayer (a 2D TI) where the crossing of edge states is at
M point instead of Γ point [19, 20].
Generally speaking, for the bismuth-based TIs the
band inversions are driven by the large SOC. Thus, to
observe the band evolution with the change of SOC ratio
(ξ = λ/λ0) is an effective method to clarify the origin
of band inversion, where λ0 and λ are respectively the
original SOC strength and the SOC strength used in the
DFT calculations. Fig. 3 shows the calculated band
structures of bulk Bi2TeI along the Z-Γ direction with
different ξ. For the bands without SOC (ξ = 0), two
states mainly from the Bi bilayer (α1 and α2) are degen-
erate and fully occupied; while the other bands (β1 and
β2) are mainly contributed by BiTeI layers. And β1 state
is partially occupied, indicating that Bi2TeI bulk should
behave like a normal metal if SOC is not included. With
increasing ξ, as shown in Fig. 3(b) and marked by yellow
arrows, the hybridization between α1 and α2 (β1 and β2)
is changed, and thus the band crossing at the Z point dis-
appears. The state contributed by Bi bilayer (α1) crosses
with the other from BiTeI layers (β1) around the Fermi
level. Owing to the splitting, the occupied states at the
Z point exhibit the topological non-trivial property (δZ
is −1), but δΓ is still +1. Further increasing ξ, we can
observe a topological phase transition at the critical ra-
tio (ξ = 0.37) [shown in Fig. 3(c)]: the bands (α1 and
β1) cross each other at the Γ point, similar to a 3D Dirac
cone. Above the critical ratio, α1 state is unoccupied and
β1 state is fully occupied [see Fig. 3(d)], indicating that
the system becomes a weak TI (δZ = −1 and δΓ = −1).
In the previous proposal of weak TIs [21, 22], the band
inversion occurs inside each single QSH layer, while the
role of the topologically trivial intercalated layers is just
to weakly couple neighboring QSH layers. In Bi2TeI,
however, a very different band inversion scenario is ob-
served: the inversion is contributed by both the topolog-
ically non-trivial Bi bilayer and the trivial BiTeI layers.
During the inversion process, the role of SOC is different
at the Z and Γ points: SOC splits the degenerate states
at the Z point (i.e., opening a band gap there), and si-
multaneously induces the band inversion at the Γ point,
similar to the case of Bi2Se3[13, 14]. Evidently, the band
inversion picture of Bi2TeI is unique and this fact could
improve our understanding of the band inversion mech-
anism in weak TIs and open a way for the search of new
TI materials.
Due to its layered structure, a 2D sheet can possibly
be cleaved from the bulk Bi2TeI. Our SFE calculations
within local-density approximation show that a SFE of
9 meV/A˚2 is required to cleave a BiTeI-Bi2-BiTeI sand-
wiched structure, which is comparable to the formation
energy of a single layer of graphene (5 meV/A˚2) or MoS2
(6 meV/A˚2). Compared to a Bi2-BiTeI-BiTeI-Bi2 type of
cleaved sheet (with a SFE of 18 meV/A˚2), it is energeti-
cally more stable, and the same trend has been confirmed
by GGA and van der Waals density functional calcula-
tions [35]. The stable structure exhibits an energy gap of
40 meV, slightly different from its 3D counterpart. It is
interesting to find that the exfoliated layer can be a QSH
insulator. To elucidate this finding, the topological edge
states of an 1D armchair BiTeI-Bi2-BiTeI nanoribbon are
calculated using the maximally-localized Wannier func-
tions [34] from ab inito calculations. As shown in Fig.
4, the 1D edge states can be observed inside the bulk
gap and the Dirac-type of band crossing is found at the
Γ point of the 1D BZ. Although trivial and nontrivial
edge states co-exist, a generic Fermi level intersects the
edge state three times between the Γ and X points, con-
firming the topologically nontrivial feature of the system.
It should be pointed out that edge states of the BiTeI-
Bi2-BiTeI film behave differently from those of isolated
Bi bilayers, where Dirac-point crossing exists at the Bril-
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FIG. 4: (Color online) The edge states of a BiTeI-Bi2-BiTeI
ribbon along the a direction. The blue lines represent the
metallic edge states and gray shadow stands for the 2D bulk
states. The Fermi level is set as zero and marked by the red
dotted line.
louin zone boundary [19, 20]. Moreover, we note that
the BiTeI layer is chemically more inactive than the Bi2
layer and thus protect the Bi2 layer from the ambient
environment.
In conclusions, We found that Bi2TeI belongs to Z2
(0; 001) class of weak TIs with two relatively isotropic
Dirac cones on the side surface. In contrast to previously
proposed weak TIs, a new band inversion mechanism is
demonstrated in which the inter-layer coupling between
the QSH layers and trivial layers induces the band inver-
sions at both Γ and Z points. Moreover, the exfoliated
thin film of Bi2TeI can act as a QSH insulator with he-
lical edge states. The layered Bi2TeI is a prototype of
weak TIs and also provides a new platform to realize the
QSH effect.
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